Abnormal placentation has been classified into accreta, increta, and percreta on the basis of depth of myometrial invasion. When depth of invasion increases, risk of hemorrhage and maternal morbidity also increases. [1, 2] It is very important to diagnose placenta accreta spectrum Background: Abnormal placentation has been classified into accreta, increta, and percreta on the basis of depth of myometrial invasion. The aim of the study was to evaluate the role of transabdominal ultrasonography (USG) for prediction of placental invasion in the placenta accreta spectrum.
during the antenatal period to avoid intrapartum and postpartum hemorrhage. Ultrasound is a very important tool for diagnosis of placenta accreta spectrum.
Surgical procedure on the uterus or uterine cavity, including uterine curettage, hysteroscopic surgery, endometrial ablation, uterine artery embolization, and myomectomy, has been associated with the subsequent development of placenta accreta. [2] However, the most important risk factor for the development of placenta accreta is a prior cesarean section. [3] Increasing trend of cesarean section is a troublesome issue worldwide, responsible for increasing rates of placenta accreta spectrum. Placenta accreta spectrum has now become a major cause of mortality and morbidity in pregnant women.
Transabdominal ultrasound is a reliable tool for diagnosis of abnormal placentation, and Doppler is helpful in diagnosis of invasion. Various parameters of ultrasound have been documented to assess the higher risk of placenta accreta spectrum, including the presence of placental lacunae (irregular vascular spaces resulting in a "Swiss cheese" appearance), smallest myometrial thickness (<1 mm), loss of the normal hypoechoic retroplacental zone, and anomalies of the bladder-myometrium interface. [4] Eighty-six percent of patients had abnormal findings between 15 and 20 weeks, which suggests that the diagnosis can be made at an early gestation by proper USG evaluation.
The measurement of <1 mm for the smallest myometrial thickness or the presence of large intraplacental lakes was 100% sensitive in predicting placenta accreta spectrum as observed on color Doppler ultrasound flow mapping when placenta implanted in proximity to the prior hysterotomy scar. [5, 6] Transvaginal ultrasound is a good tool for more detailed assessment of a placental invasiveness, and it improves diagnostic accuracy in invasive placentation. [7] Rac et al. reported three parameters, including absence of clear retroplacental zone, irregularity, and decrease in width of the bladder-uterine interface as significant variables in the placenta accreta spectrum prediction, when they used linear logistic regression and multiparametric analyses. [8] Three-dimensional Doppler ultrasound has the ability to differentiate between the degrees of placental invasion. [9] Thus, this study was planned to evaluate diagnostic accuracy of transabdominal ultrasonography (USG) for prediction of placental invasion in the placenta accreta spectrum.
MATERIALS AND METHODS
This was a prospective cohort study carried out over a period of 1 year in the Department of Obstetrics and Gynecology in collaboration with the Department of Radiodiagnosis at King George's Medical University, Lucknow, Uttar Pradesh, India. A total of 110 patients were recruited for the study, of these 20 patients were lost to follow-up. After obtaining informed consent and ethical clearance, 90 pregnant women with gestation age of 34 weeks or above (late pregnancy) with history of previous cesarean section and with complaints of bleeding per vaginum or diagnosed on USG as a case of placenta previa with or without accreta were enrolled for the study. Women not giving consent for participation in the study or not having any of above risk factors were excluded from the study.
Transabdominal ultrasound was done by PHILLIPS AFFINITY 70 G Model (Yorba Linda, CA, USA). Two-dimensional gray-scale high-resolution (1-5 MHz) and color Doppler imaging was done for assessment of abnormal vasculature. If any portion of the placenta covered the anterior lower uterine segment, then the placenta was considered to be anterior.
The diagnosis of placenta previa was based on the presence of placental tissue covering the internal cervical os. Low-lying placenta was diagnosed when the placenta was within 2 cm from the internal cervical os but did not cover it.
This was a single-center study. Sonographic parameters observed were the location of placenta, loss of clear retroplacental zone, irregularity and thickness of uterinebladder interface, the smallest myometrial thickness in sagittal and transverse plane, presence of lacunar spaces and bridging vessels. Lacunar spaces were graded according to Finberg and Williams (11R AJOG) as follows: Grade 0 :-none seen, Grade 1 :-1-3 lacunar spaces present and generally small, Grade 2 :-4-6 lacunar spaces present and tending to be larger and more irregular, Grade 3 :-many lacunar spaces throughout the placenta and appearing large and bizarre. Confirmation of the placenta accreta spectrum was based on histopathologic evidence of placental invasion.
The results are presented in frequencies, percentages, and mean ± standard deviation. The Chi-square test was used to compare the categorical variables. The one-way analysis of variance was used to compare the continuous variables. A P value of < 0.05 was considered statistically significant.
All the analyses were carried out on SPSS 16.0 version (Inc., Chicago, IL, USA).
RESULTS
In the present study, although the invasion was high in women with urban background and literate group, statistically both groups (Placental invasive group and group without placental invasion) were almost matched in terms of religion, residence, rural or urban, and literacy. Placental invasion was found in 61.1% (55) on USG, and in rest of the cases, no invasion was observed [ Table 1 ].
There was a significant association between placental invasion and a number of prior cesarean sections. For women with previous one cesarean section, the invasion rate was 5.3% only, while for women with previous two cesarean invasions, it was 74.5%. Women with previous three cesarean sections had the highest placental invasion rate of 78.6%, and this association of placental invasion with a number of prior cesarean sections was significant. Anterior placenta previa was reported in 77 (85.5%) cases and invasion was found in 62.3%, while of 90 cases, only 13 women had no anterior placenta previa, but still invasion was found in the same group (53.8%). Hence, no significant association was observed between placental invasion and anterior placenta previa location [ Table 2 ].
On transabdominal ultrasound, 68 patients had Grade-3 lacunae, of which 67.6% (46) had invasion. Maximum number of cases (n = 63) had the smallest sagittal myometrial thickness of <1 mm, and invasion was found in 69.8% (44). It was observed that increase in myometrial thickness was associated with a decrease in placental invasion. Of 90 cases, bridging vessels were found in these 49 cases, and its association with placental invasion was observed in 63.3% (31) [ Table 3 ].
Of 90 enrolled subjects, 72 (80%) cases had histopathologically documented invasion. Placenta accrete was observed in 31.9% (23), placenta increta in 43% (31), placenta percreta in 25% (18) on histopathological examination [ Table 4 ].
DISCUSSION
In our study, of 90 cases, placental invasion was found in 61.1% (55) by transabdominal USG, and 80% (72) of placental invasion was observed on histopathological examination. Transabdominal ultrasound is a reliable tool for diagnosis of abnormal placentation, and Doppler is helpful in diagnosis of invasion. It is the primary tool for antenatal diagnosis of placenta accreta spectrum. Various parameters of ultrasound have been documented to assess the higher risk of placenta accreta spectrum. This is a significant obstetric challenge; previously, it was a rare diagnosis, but nowadays, it complicates as many as 1 per 500-533 patients. [10] In our study, the mean age of patients with placental invasion was 29.86 ± 3.17 years. In our study, no association was found between age and placental invasion (P = 0.19) in women with previous cesarean section. However, another author reported in their study an increase odds of having high mean arterial pressure (MAP) with increased maternal age, in women with previous cesarean sections. [11] In the present study, there was significant association between placental invasion with number of previous cesarean sections, with previous two lower-segment cesarean sections (LSCSs) (75.4%) and three LSCSs (78.6%) increasing chances of invasion, respectively (P = 0.001). It means that cesarean section scar increases the chances of placental invasion. Chances of placental invasion increased as the number of cesarean sections increased. One author reported that a number of prior cesarean deliveries were significantly associated with the risk of placental invasion. Another author reported that the risk of accrete was 11%, 40%, and >60% in women with 1, 2, and 3 prior cesarean sections with placenta previa respectively. One author reported increased odds of having placenta accreta, increta, and percreta (at 95% confidence interval [CI] odds ratio [OR] 3.4-8.9) in women who had a history of previous uterine surgery and myomectomy. [11] 
Ultrasonography parameters and placental invasion
One study reported that number and bizzare appearance of lacunar spaces were directly correlated with certainty and severity of placenta accreta spectrum. [12] In our study, Grade-3 lacunae was found in 75.56% cases out of these 67.6% (n=46) Grade 3 lacunae associated with placental invasion, as the grade of lacunae increased from 1 to 3 placental invasions also increased and P = 0.0001 and OR (95% CI) 0.12 (0.04-0.35). Thus in this study there were 12 times increased risk of placental invasion was observed with grade -3 lacunae. A large prospective study on gray-scale ultrasound for diagnosis of abnormal placentation reported that visualization of lacunae had the highest sensitivity (79%) in the 15-20-week range and a sensitivity of 93% in the 15-40-week gestational age. [5] In our study, minimum sagittal myometrial thickness <1 mm had significant association with placental invasion (69.8%). On the other hand,33.3% of patients with myometrial thickness of >3 mm presented with invasion. The measurement of <1 mm for the smallest myometrial thickness or the presence of large intraplacental lakes was 100% sensitive in predicting placenta accreta spectrum as observed on color Doppler ultrasound flow mapping when placenta implanted in proximity to the prior uterine scar. [13] Another study reported that a smallest myometrial thickness <1 mm identified in the third trimester of pregnancy, and the risk for placental invasion was 100% sensitive and 72% specific with a positive predictive value and negative predictive value of 72% and 100%, respectively. [14] No significant association of placental invasion with bridging vessels was found in our study. One study reported that the presence of bridging vessels identified with color Doppler imaging was the most predictive ultrasound parameter of placenta accreta spectrum.
Another author reported that if they remove placenta previa from analysis in multivariate model, then they found that there was no linear association between placenta accrete, placenta increta, and placenta percreta (MAP) with previous cesarean sections. [11] Another author reported that the risk of invasion based only on number of cesarean deliveries and placental location was 40%. [3] We found that a high score can be derived from the ultrasound parameters such as smallest myometrial thickness, lacunar spaces, and presence of bridging vessels, in addition to the number of prior cesarean deliveries and placental location.
One study reported that histopathological invasion of the placenta was found in 68.5%, of these 55.9% accreta, 8.1% increta, and 4.5% percreta were reported. [15] However, in our study, placental invasion was found in 80% on histopathological examination and accrete in 31.9% (23), increta in 43% (31), and percreta found in 25% (18).
Our study confirms the predictive value of combining patient characteristics with ultrasound variables and its association with placental invasion, and it also acknowledges the interaction between the different variables as they contribute to individual risk depending on the availability of local resources and multidisciplinary care. The results from our study could be used for counseling during the antenatal period and making referral decision of the patient with placenta previa and previous cesarean section. [1] One study recently reported series of 92 women with placental invasion and found that the combination of placenta previa, number of previous cesarean deliveries, and ultrasound suspicion of invasion was more predictive than ultrasound variables alone. [16] 
CONCLUSION
Our study also provides individual predictive value of each ultrasound parameter of placenta accreta spectrum. Grade-3 lacunae and >1 prior cesarean delivery were weighted the highest in the present study. A strong relationship was observed between lacunar spaces on ultrasound and placental invasion. Although the ultrasound is a good noninvasive tool for the detection of placental invasion, histopathological examination of the tissue still is a gold standard to diagnose placental invasion.
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